China is one of the countries that are most seriously affected by storm surges. In recent years, 10 storm surges in coastal areas of China have caused huge economic losses and a large number of human casualties. Knowledge of the inundation range and water depth of storm surges under different typhoon intensities could assist pre-disaster risk assessment and making evacuation plans, as well as provide decision support for responding to storm surges. Based on historical typhoon-induced storm surges in the study area of Pingyang County in Zhejiang Province, China, key parameters including typhoon tracks, 15 radius of maximum wind speed, astronomical tide, and upstream flood runoff were determined for different typhoon intensities. Numerical simulations were conducted using these parameters to investigate the inundation range and water depth distribution of storm surges in Pingyang County under five different intensity scenarios (915, 925, 935, 945, and 965 hPa) with consideration of the impact of seawall collapse. The simulation results show that the range of storm surge inundation expands with 20 increasing typhoon intensity. The scenario with the most intense typhoon (915 hPa) had the most adverse track, with an associated area of inundation of 233 km 2 that included most areas of the town of Aojiang, eastern areas of Wanquan, northern areas of Songbu, as well as parts of Kunyang and Shuitou.
storm surges has decreased significantly because of improvements in the regional early warning capability (Shi et al. 2015) . Thus, the focus on storm surge disasters has changed from reduction of disaster losses to mitigation of disaster risks. Therefore, increasing importance has been attached to 40 studies on storm surge risk (Shi et al., 2019) .
Storm surge risk assessment estimates the risk level of future storm surges in a certain region based on deterministic numerical simulation in combination with designed probabilistic storm surge scenarios (Shi et al. 2013; Wang et al. 2018) . The calculation of storm surge under scenarios with storms of different intensity is an important part of storm surge risk assessment. The calculation results could provide 45 important decision-making support for the planned response to storm surges in coastal areas, and they could assist in both the pre-assessment of storm surge disasters and the preparation of storm surge emergency evacuation plans. Following the earthquake-induced "3.11" tsunami that occurred in Japan in 2011, scientific research on many aspects of marine disaster risk management became of great concern to various governments. With consideration of storm surge disaster as the primary hazard, China 50 commenced a project for marine disaster risk assessment and zoning, and it subsequently released its marine industry standard, the Technical Guidelines for Risk Assessment and Zoning of Marine Disaster Part 1: Storm Surge (Liu et al. 2018) . Calculation of the inundation range and water depth of storm surges associated with typhoons of different intensity is one of the most important tasks in storm surge risk assessment.
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The core element of simulation of inundation by storm surge disaster under scenarios of different typhoon intensity is to set key parameters for both the typhoons and the storm tides (e.g., typhoon track, typhoon intensity, radius of maximum wind speed, and astronomical tide) under different conditions. Wang (2002) calculated the maximum possible land inundation range based on the translation speed of various historical typhoons (category: 3-5) in the study area, in combination 60
with the SLOSH numerical model. A universal product for the determination of inundation range and water depth distribution for typhoons of different intensity was developed, and it was concluded that storm surges caused by category 5 typhoons would be the probable maximum storm surge. Tomohiro et al. (2010) set key parameters for the largest possible typhoon-induced storm surge in different regions of Japan by simulating typhoon track translation using indicators of the Ise Bay 65 typhoon (the most serious typhoon event recorded in Japan's history) as reference typhoon parameters. This method is of wide applicability and it is easy to implement; however, it also has certain limitations attributable to its dependence on the availability of recorded information on historical storm surge events. To overcome this problem, a complete method has gradually been developed for stochastic simulation of typhoon track and intensity. The main idea of such a method 70 is to analyze the statistical probability characteristics of historical typhoons in terms of their annual frequency, seasonal distribution, track distribution, intensity, and range of influence range. Based on these features, the generation, development, and extinction of typhoons can be simulated to generate a large number of complete event samples of typhoon track and intensity (Powell et al., 2005; Lin et al., 2010) . By selecting events with different typhoon intensity from the generated 75 https://doi.org/10.5194/nhess-2019-425 Preprint. Discussion started: 5 February 2020 c Author(s) 2020. CC BY 4.0 License. samples, the inundation range and water depth in a study area can be calculated using a numerical model of storm surges (Wood et al. 2006; Wahl et al. 2015) .
This study considered Pingyang County of Zhejiang Province (China) as the target area. The objective was to propose a technical method on setting key parameters (e.g., typhoon track, maximum wind speed radius, astronomical tide, and upstream flood runoff) of typhoon-induced storm surge, and to calculate 80 the inundation range and water depth distribution caused by different typhoon intensity scenarios.
Case study area
Pingyang County is a coastal county belonging to the city of Wenzhou in Zhejiang Province, China (Figure. 1) and is affected most frequently by storm surge in coastal areas. It is located in the tropical storm zone of the western Pacific Ocean and is generally exposed to the risk of storm surges during July- 
External force
The storm surge numerical model was driven by wind stress and the atmospheric pressure gradient acting on the surface. The Jelesnianski model was chosen to generate the wind and pressure fields (Jelesnianski, 125 1965) , for which the calculation formulas are as follows:
, (0< ≤ ) 
In the above equations, R is the radius of maximum wind speed, r is the distance from the calculated point to the center of the typhoon, ( 0 , 0 ) is the translation speed of the typhoon, ( , ) and
( , )are the coordinates of the calculated point and the typhoon center, respectively, is the inflow angle, 0 is the central pressure of the typhoon, ∞ is the atmospheric pressure at infinite distance, and 135 is the maximum wind speed of the typhoon.
Model verification
Verification of the storm surge numerical model was performed using 20 typhoon-induced storm surge events that affected Pingyang County during 1990-2015. Error statistics between each of the 20 simulated and observed typhoon processes were compiled in terms of the high tide level (Table 1) and
140 the maximum storm surge (Table 2) 
Typhoon track
This study selected the two typhoons that had the most severe impact on Pingyang County and that generated the most significant storm surge in history, i.e., Typhoon Fred (No. 9417) and Typhoon Saomai To determine which of these two typhoons had the track that caused the larger storm surge in Pingyang 
Radius of maximum wind speed
The radius of maximum wind speed of a typhoon is an important factor affecting the magnitude of storm surge. The radius of maximum wind speed of the typhoons selected in this study was calculated using the following empirical relationship:
where 0 is the central air pressure (hPa), R is the radius of maximum wind speed, and R 0 is an empirical constant. The recommended value is 40, although this can also be adjusted by the fitting accuracy of the air pressure or the wind speed. Thus, the radius of maximum wind speed can be calculated from the central air pressure of the typhoons with five different intensities at the time of landfall, i.e., 56, 42, 38, 36, and 36 km. 215 
Astronomical tide
The coupling of the astronomical tide and the storm surge was performed for simulation of the total elevation and range of inundation. The monthly averaged high tide levels of the previous 19 years during June-October at the representative tidal stations in the study area were selected as the astronomical tide levels that were coupled with the storm surge at peak surge times in the local coastal area. The 220 astronomical tide levels at Dongtou Station on the northern side of Pingyang County and at Pipamen Station on the southern side were 2.46 and 2.33 m, respectively. The larger value of 2.46 m was taken as the astronomical tidal level of the storm surge in the storm surge numerical model for the inundation simulation.
Upstream flood runoff 225
The upstream flood is a factor required for numerical simulation of storm surges in estuary areas.
Analysis of measured data and model studies indicate that the high-water level in an estuary area is controlled mainly by the astronomical tide and the typhoon-induced storm surge. The peak flow in an estuary has no obvious influence on the high-water level during the passage of a typhoon (Sun et al., 2017) . The storm surge-runoff interaction in an estuary area increases the tidal level of a typhoon-230 induced storm surge, resulting in a larger hazard (Zheng et al., 2013) . The larger the volume of runoff is, the greater the tidal level in the estuary area will be (Hao et al. 2018) . The Feiyun and Aojiang rivers, located on the northern and southern sides of Pingyang County, respectively, are the main rivers that affect the level of flooding in Pingyang County. In this study, the superimposed upstream flood in the numerical simulation of storm surge was the average peak flows in the estuary areas of these rivers in 235 https://doi.org/10.5194/nhess-2019-425 Preprint. Discussion started: 5 February 2020 c Author(s) 2020. CC BY 4.0 License. the period of the selected historical typhoons during April-October, i.e., 1717 and 2348 m3/s for the Aojiang River and Feiyun River, respectively.
Setting of seawall collapse scenario
The seawall is an important barrier against storm surges and excessive overtopping of waves is the main cause of seawall collapse. Overtopping waves flush the seawall or the landward slope, forming a scour 240 pit. As the scour pit grows, the upper structure of the seawall loses support and becomes unstable (Sun et al. 2015; Zhang et al. 2017) . In the design of the majority of seawalls in China's coastal areas, the wave overtopping rate, which is determined based on tide level, wave height, and seawall structure, is used as a controlling indicator and as a parameter to judge whether a seawall will collapse. According to the results of physical model tests, seawall collapse will occur when the wave overtopping rate of the 245 coastal seawall in Pingyang County exceeds 0.05 m3/s (Zhejiang Institute of Hydraulics and Estuary 2018). Once seawall collapse is determined in the numerical simulation, it will occur instantaneously without consideration of its process. After seawall collapse occurs in the numerical simulation, the ground elevation within the seawall is taken as the shoreline elevation, and the width of seawall collapse is determined by the wave overtopping rate at the representative point on the seawall. Each representative 250 point represents a section of seawall.
Calculation results
To further analyze the accuracy of the calculation results derived from the simulations, 22 representative reference points were set along the Pingyang County coast to obtain the desired data (see Fig. 1 ). The calculated maximum storm surge at each reference point for typhoons of different intensity is shown in The inundation range of a storm surge is related to many factors (Petroliagkis, 2018) . The high-water level in the towns of Shuitou and Xiaojiang in Pingyang County is mainly caused by the upstream flood 315 of the Aojiang River. Consequently, the inundation situation in these two areas is directly related to upstream flood runoff. In this study, the impact of the upstream flood was only considered as the average of the flood peak flow during the storm surge. The water level and inundation range caused by the large https://doi.org/10.5194/nhess-2019-425 Preprint. Discussion started: 5 February 2020 c Author(s) 2020. CC BY 4.0 License.
astronomical tide due to the superposition of the extreme flood scenarios might be more unfavorable than the simulated storm surge with the superimposed average of the flood peak runoff, which might result in 320 uncertainty in the calculation results. In our next study, we will further analyze the quantitative response relationship between typhoon intensity at landfall and upstream flood runoff, and propose a method for setting flood runoff upstream of the estuary area.
This paper presents a deterministic method for setting key parameters under typhoon intensity scenarios assuming that these factors (e.g., typhoon track, radius of maximum wind speed, astronomical tide, and 325 upstream flood runoff) are independent; however, any correlation between these parameters is ignored.
The occurrence probability of parameter combinations is difficult to evaluate. The joint probability method is an efficient way to determine the base flood elevation due to storm surge (Yang et al. 2019) , and the joint probability among these factors could be established (e.g., using the Copula method) to calculate the occurrence of extreme storm surge events.
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This study contributed to the methodology of quantitative assessment of storm surge hazards for coastal counties. If combined with a vulnerability curve between the loss ratio of typical exposure influenced by storm surges and the water depth induced by flooding in coastal areas, a quantitative storm surge risk could be evaluated in future research. The results of a quantitative assessment of storm surge risk could provide a theoretical basis for urban planning, development of emergency evacuation procedures, and 335 disaster insurance.
Data availability:
All data used during the study are available from the corresponding author by request.
